We isolated two galactosamine derivatives from Bacillus megaterium sporulating cells by lectin affinity chromatography followed by DEAE-Sephadex A-25 chromatography. From chemical analyses and measurements of these compounds, it was determined that one was uridine 5'-diphospho-N-acetylgalactosamine and that the other was uridine 5'-diphosphogalactosamine. They appeared in the middle stage of sporulation and disappeared during the period when galactosamine-6-phosphate is deposited on the forespore surface. These results suggest that uridine 5'-diphospho-N-acetylgalactosamine and uridine 5'-diphosphogalactosaiine are intermediates in the biosynthesis of the galactosamine-6-phosphate polymer, a backbone structure of the exosporium.
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The exosporium, the outermost integument of the spore, is a spore-specific constituent and is found as an electrondense layer under an electron microscope. This structure is visualized at the later stages of spore formation as part of the sporulation process, and its morphogenesis must be under the control of gene expression during sporulation. To understand the regulatory mechanism of this morphogenetic event, it is necessary to know the biochemical changes associated with exosporium formation.
It has been reported that galactosamine-6-phosphate (GalN-6-P) is a major component of the exosporium (previously called the outer coat by us) in Bacillus megaterium ATCC 12872 (4, 5) . However, the biosynthetic pathway of the GalN-6-P polymer has not been determined. In another paper, we reported that the activity of uridine 5'-diphospho-N-acetylglucosamine-4-epimerase (UDP-GlcNAc-4-epimerase), which catalyzes the interconversion between uridine 5'-diphospho-N-acetylglucosamine (UDP-GlcNAc) and uridine 5'-diphospho-N-acetylgalactosamine (UDPGalNAc), was found to increase at the middle stage of sporulation (4a) . UDP-sugars are usually intermediates in the synthesis of sugar polymers, and galactosamine has been detected only in the exosporium (4) . Accordingly, it is conceivable that galactosamine derivatives which combine with UDP can be the intermediates in the biosynthetic pathway of the GalN-6-P polymer.
To obtain galactosamine derivatives, we used the lectin isolated from Bandeirea simplicifolia, which has a high affinity for a-linked D-galactopyranosyl and 2-acetoamido-2-deoxy-D-galactopyranosyl residues (3). Lectin I from B. simplicifolia seeds (Calbiochem-Behring) was prepared by a previously described method (2) and coupled to Sepharose 4B as described by Blake and Goldstein (1) . Lectin affinity chromatography of the trichloroacetic acid-soluble fraction of sporulating cell (T7) cytoplasm was carried out by the method of Piller et al. (6) (Fig. la) . Figure 2 shows the * Corresponding author.
high-pressure liquid chromatography profile observed at 262 nm on the ion-pair mode of the above-described lectinadsorbed fraction. There were two major peaks, designated as unknown A and unknown B.
These two compounds were purified by DEAE-Sephadex A-25 chromatography. After the lectin-adsorbed fraction was desalted and concentrated by ultrafiltration on a UH-05 membrane filter (Toyo Co. Ltd.), the concentrate was applied to a DEAE-Sephadex A-25 column equilibrated with deionized water. Unknown A and unknown B were eluted with 20 and 200 mM NaCl, respectively (Fig. lb) . The purities of unknown A and unknown B were examined by high-pressure liquid chromatography, and they were lyophilized for storage.
The UV spectra of unknown A and unknown B were very similar to that of UDP. Hydrolysates of these samples (2 N HCl, 100°C, 2 h) contained only galactosamine detectable ts a ninhydrin-positive compound with an amino acid analyzer (JEOL type 200A) , and the molar ratios of UDP to galactosamine were 1:1 in both compounds. Furthermore, unknown B had a mobility identical to that of authentic UDP-GalNAc, aftd hence unknown B was identified as UDP-GalNAc. When unknown A was analyzed with a 13C nuclear magnetic resonance spectrometer (JEOL type JNN DX-400), it was found that unknown A did not contain an acetoamido residue. The molecular weight of unknown A was estimated to be 565 by fast atom bombardment-mass spectrum analysis (JEOL type JMS-HX 100). On the basis of these data, unknown A was identified as uridine 5'-diphosphogalactosamine (UDP-GalN).
The pool levels of UDP-GalNAc and UDP-GalN during sporulation were determined by analyzing lectin-adsorbed fractions by high-pressure liquid chromatography (Fig. 3) . The organism was grown as described elsewhere (4a). The molar absorptivity of UDP at 262 nm. The GalN-6-P content of forespore exosporium was determined by the method of Ogaki et al. (5) .
UDP-GalNAc appeared at T3, reached a maximum concentration at T6, and then decreased. On the other hand, UDP-GalN appeared at T6, and the concentration increased between T6 and T8 while UDP-GalNAc was decreasing. The UDP-GalN concentration then decreased rapidly when the GalN-6-P content in the forespore exosporium compartment started to increase.
While the total activity of UDP-GlcNAc-4-epimerase was approximately 5 .4 x i0-3 U/ml of culture between T8 and T12 (4a), an activity which can produce 5.4 nmol of UDPGalNAc per min, the pool level of UDP-GaINAc was observed to decrease after T6. It can be concluded, therefore, that UDP-GalNAc served as the intermediate in the biosynthesis of the GalN-6-P polymer after T6. In addition, we recently found that UDP-GalNAc deacetylase activity rapidly increased at the late stage of sporulation (unpublished . These results suggest that UDP-GlcNAc is converted to UDP-GalNAc and then deacetylated for the synthesis of the GalN-6-P polymer that is deposited on the forespore surface as an exosporium component.
UDP-GlcNAc is also an important intermediate in the peptidoglycan biosynthetic pathway. Therefore, UDPGlcNAc is continuously produced in the cells and used for the construction of cell wall peptidoglycan at the exponential growth stage and cortex peptidoglycan at the middle stage of sporulation. Once UDP-GlcNAc-4-epimerase is induced, however, UDP-GlcNAc must be converted to UDP-GalNAc for the synthesis of the exosporium. Although it is conceivable that UDP-GlcNAc-4-epimerase plays an important role in shifting the sporulation stage from cortex formation to exosporium-formation, there are many questions as to how the morphogenesis of the exosporium is regulated. For example, it has to be learned whether the UDP-GlcNAc-4-epimerase gene is expressed according to the temporal program of sporulation or whether the metabolites in these biosynthetic pathways are involved in the derepression of the UDP-GlcNAc-4-epimerase gene. We feel that the biosynthesis of the GalN-6-P polymer is an ideal model system for studying the relationship between morphogenesis and the regulation of gene expression during sporulation.
